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Fungal infections especially invasive ones (IFI), now are among 
well-known and hard to manage problems in various kidney 
diseases in children. Various databases including pubmed, 
scopus, ovid and Web of Science Core Collection were looked for 
keywords including antifungals, fungal infections, kidney 
diseases Since 1990 to 2017. Renal side effects were looked 
using the site WWW.DRUG.COM as well. For common cases with 
Identified Pathogens Infectious diseases society of America 
(IDSA) recommendations for antifungal therapy as the most 
acceptable plan has been summarized at the end of article; 
specific therapeutic issues have been also discussed in their 
sections. 
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Introduction  
Fungal infections especially invasive ones (IFI), 
now are among well-known and hard to manage 
problems in various kidney diseases in children. 
However, given the nonspecific presentation of 
these infections and introduction of new 
antifungal drugs with less experience in pediatric 
setting both from clinical efficacy and potential 
nephrotoxicity points of view, there is a need for 
periodic review of this issue.  
Therefore, various databases including pubmed, 
scopus, ovid and Web of Science Core Collection 
were looked for keywords including antifungals, 
fungal infections, kidney diseases Since 1990 to 
2017. Renal side effects were looked using the site 
WWW.DRUG.COM as well. For common cases with 
Identified Pathogens Infectious Diseases Society of  
America (IDSA) recommendations for antifungal 
therapy as the most acceptable plan has been 
summarized at the end of article; specific 
therapeutic issues have been also discussed in 
their sections. 

 
Why children with kidney diseases are more 
prone to IFI? 
Effects of immunosuppression and environmental 
exposure in various kidney disorders can make 
these patients vulnerable to IFI [1]. For example, 
after renal transplantation, T-helper cell activity is 
important determinant of rejection, for which 
Calcineurin inhibitors are prescribed and by this 
way the amount of interleukin 2 (IL-2) the major 
cytokine active for rejection is controlled [2]. 
Among patients with acute renal failure, although 
uremic state and acidosis may impair the immune 
response, but the role of other factors like invasive 
procedures specially having CVP line, 
hyperalimentation, impaired reticuloendothelial 
system as in collagen vascular diseases, presence 
of catheters and duration of previous antibacterial 
therapy makes the patient prone to IFI [3,4]. In 
case of obstructive ARF, including renal stone, 
there is increased risk of fungal infection specially 
candida infection of urinary tract [5]. 

http://www.drug.com/
http://www.drug.com/
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 Fungal infections in various renal disorders, 
Acute renal failure  
Fungal infections are more common in kids with 
Acute renal failure (ARF) due to mentioned factors 
specially when they are on dialysis [3,6].  
Candida infections are the most common type of 
fungal infections in these patients [7]; therefore, it 
is critical to remove the catheter and starting an 
appropriate less nephrotoxic drug like lipid 
preparations of amphotericin B or fluconazole; it 
would be much better to have local data regarding 
the types of candida spp and their sensitivity 
patterns. Some studies suggest to start with 
fluconazole and change it if there is no response to 
even high doses of this drug [6]. 
In the absence of other underlying risk factors, 
rhinocerebral mucormycosis and aspergillosis 
have rarely been reported in patients with ARF 
but they need to be treated more aggressively 
with AMB preparations.  
 
Chronic renal failure, Hemodialysis  
Patients on hemodialysis have many of previous 
risk factors more deeply and are quite prone to IFI 
especially with candidiasis and less frequently 
with other fungi like cryptococcosis and 
mucormycosis (especially with concurrent use of 
desferroxamine). These IFI are so aggressive and 
need prompt diagnosis and treatment [1]. non-
albicans Candida species in an adult study was 
related to the presence of CVP line in patients 
undergoing chronic hemodialysis but again most 
of them were sensitive to fluconazole [8]. 
Skin and nail superficial dermatophytosis, most 
commonly due to Trichophyton rubrum is seen 
also in children with ESRD and hemodialysis for 
whom Terbinafine seems a good candidate but 
treatment should be adjusted according to 
creatinine clearance [9]. 

 
Chronic ambulatory peritoneal dialysis (CAPD)  
A rare but potentially dangerous event in children 
is fungal peritonitis [10]. 
It comprises about 2-15% of peritonitis episodes 
[10] but may have a mortality rate around 30%. It 
may damage the peritoneal cavity so further 
dialysis may be impossible [11]. Other 
complications beside sclerosing peritonitis are 
adhesions with resulting bowel obstructions or 
stricture, invasion of the bowel wall, and abscess 
formation [1]. 
Candida species including C. albicans, C. tropicalis, 
and C. parapsilosis are the most common 
pathogens [10,11,12]. 
Peritoneal fluid usually is contaminated due to 

any problem with sterile techniques, exit site 
infection and transmission of fungi across the gut 
are also important in pathogenesis but recent or 
previous antibiotic therapy (especially during past 
3 months), particularly for bacterial peritonitis   is 
very important risk factors for fungal peritonitis 
[10,11,13]. 
The definition of fungal peritonitis is when there 
is isolation of fungi from PD fluid associated with 
fever, pain in abdomen (in 75% of cases), cloudy 
peritoneal fluid (in 90% of cases) containing at 
least 100 white blood cells/μl with at least 50% 
polymorphonuclear cells [12,1]. Sometimes there 
are lots of eosinophils in the peritoneal fluid 
which might be due to fungal peritonitis as well 
[1]. Other rare signs might be milky appearance of 
fluid, the presence of hyphal aggregates as black 
streaks in the fluid or Poor return of the dialysate 
specially due to non-candida organisms 
(particularly Fusarium and Aspergillus spp) [1].   
In some adult studies, the presence of abdominal 
pain, bowel obstruction and late removal of the 
catheter have been associated with higher 
mortality and failure of further possibility for 
CAPD [11]. In a new study in adult it was shown 
that white blood cell (WBC) count greater than 
3,000/mm [3] at presentation in peritoneal fluid 
can be a predictor of death [14].  
Treatment of fungal peritonitis first include the 
removal of PD catheter as soon as possible (due to 
presence of biofilm); however rarely 
intraperitoneal injection of antifungal agents have 
been successful without catheter removal [15]. 
Conventionally for empirical treatment a 
combination of intravenous amphotericin B and 
flucytosine or oral fluconazole and flucytosine 
have been used. According 2010 update of ISPD 
guideline, Initial therapy as a combination of 
amphotericin B and flucytosine, until the culture 
results are available with susceptibilities is 
acceptable. Then other drugs like echinocandins 
(e.g., caspofungin or anidulafungin), fluconazole, 
posaconazole, or voriconazole may replace 
amphotericin B based on species identification 
and MIC values. Intraperitoneal use of 
amphotericin causes chemical peritonitis and 
pain; IV use leads to poor peritoneal 
bioavailability. Voriconazole or posaconazole are 
alternatives for amphotericin B especially when 
filamentous fungi have been cultured. Neither of 
them can be used alone for Candida peritonitis 
(with catheter removal) [16]. Voriconazole at a 
dose of 200 mg IV twice daily for 5 weeks after 
catheter removal has been used successfully [17]. 
Azole compound would be better to be associated 
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with flucytosine to avoid resistance and it’s better 
to continue both drugs at least for 10 days after 
removal of catheter. 10 days after catheter 
removal. Posaconazole for 6 months has been 
used successfully for the treatment of liposomal 
amphotericin B-resistant PD related Mucor 
peritonitis [18]. Also, aspergillus and non-
responding non-albicans Candida peritonitis can 
be treated by various echinocandins (e.g., 
caspofungin, micafungin, and anidulafungin) [10]. 
Caspofungin with or without amphotericin has 
been used successfully [19]. 
Bone marrow suppression should be monitored 
when using flucytosine [16]. 
There are some studies which show that 
prophylactic fluconazole during treatment of 
bacterial peritonitis may be effective for 
prevention of fungal peritonitis [12]. Also to avoid 
fungal peritonitis it is recommended that any 
fungal infection around dialysis site or even 
vaginal infection should be treated in CAPD 
patients [1].  
 
Fungal Infections in Renal Transplant Patients 
More effective immunosuppressive therapy has 
increased the survival of renal transplant 
recipients and also has made them prone to 
invasive fungal infections, specially candidiasis  
And less frequently aspergillosis, cryptococcosis 
and other rare fungi like zygomycosis [2]. These 
infections mainly occur during first 6 months after 
transplantations [6,7]. Invasive aspergillosis 
especially as a nosocomial inhalational problem 
after constructional activities has a very high 
mortality [20]. 
 
Presentations and risk factors of invasive 
fungal infections after renal transplantation 
Subtle presentation of fungal infections in these 
patients as well as non-specific and often normal 
laboratory data may make the diagnosis difficult. 
Any persistent fever after 5 days or relapsing 
fever specially when on treatment of effective 
antibiotics should be considered suspicious 
particularly if new or progressive pulmonary 
infiltration or hemoptysis is also present [2]. 
Diabetes and prolonged pre-transplant dialysis 
may predispose these cases to invasive fungal 
infections [21]. The most common candida 
infection after renal transplantation in children is 
urinary tract infection [20]. for invasive 
aspergillosis following risk factors are considered 
as risk factors: Prolonged and severe neutropenia, 
High dose corticosteroids, readmission in PICU 
and occurrence of acute renal failure or need to 

hemodialysis [22, 23].  
 
Diagnosis of invasive fungal infections after 
renal transplantation 
The gold standard is fungal isolation, and staining 
with fungal specific dies in tissues and fluids, but 
at least for invasive aspergillosis which has higher 
mortality, it may be impractical as blood cultures 
are rarely positive and the yield of BAL in those 
with respiratory symptoms is not sufficient [20]. 
So, Radiologic studies and antigen detection 
techniques like galactomannan antigen levels (as a 
polysaccharide in the Aspergillus cell wall that is 
released during fungal growth) should be 
considered in these cases [20]. The 
galactomannan assay can detect aspergillosis very 
early, but sensitivity and specificity in solid organ 
transplant patients may not be as good as in other 
immunosupressed hosts, so some studies 
recommend to repeat this test when it’s negative 
[24]. This test is also helpful for response to 
therapy [20] and can also be done on BAL fluid, 
cerebrospinal fluid (CSF), and urine but with a 
high variation in terms of sensitivity and 
specificity among various studies [20]. 
Also Aspergillus polymerase chain reaction (PCR) 
in blood or BAL in children has good sensitivity 
and specificity (85% and 75% respectively) and 
can also be done for detection of resistant gene in 
the fungi [20].  
A positive result of an India ink preparation of CSF 
or detection of capsular antigen in CSF instead of 
culture is enough for diagnosis of Cryptococcus 
infection [25]. 
Characteristic radiologic findings of invasive 
aspergillosis is less common in children but one 
should do his best to apply various imaging 
studies like. CT scans, chest radiographs, and 
abdominal ultrasonography for some evidences of 
fungal infections in various organs and starting 
antifungal treatment accordingly [20,2].  
 
 
Overview of nephrotoxicity of various 
antifungal agents: 
 
Amphotericin B (AMB) 
Deoxycholate form of AMB is an old drug which is 
effective in most invasive fungal infections but 
nephrotoxicity of this drug has always been 
concerning specially in kids with kidney disorders 
[26,27]. Serum creatinine elevation to >1.5 x 
baseline and >2.5 x baseline values were seen in  
in a large study in children group in 24.8 and 8.8% 
of all patients, respectively: all 548 kid who 
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enrolled in this study were immunocompromised, 
around half with various cancers and half with 
solid organ transplants [28], more than two third 
of cases were also taking other nephrotoxic drugs; 
so conventional AMB was not tolerated or was 
ineffective in most cases, although no new need to 
hemodialysis was noted, a result which is in 
contrast to a large adult study in which more than 
half of cases had significant decrease in GFR and 
hemodialysis was used for 15% of cases [29]. 
Another retrospective study on various AMB 
products in children also showed that despite 
about occurrence of nephrotoxicity and 
hypokalemia, most of these events were rapidly 
controlled and were reversible [30]. Interestingly 
this study also showed that previous history of 
hypokalemia and neutropenia were associated 
with higher risks for hypokalemia. 
Damage to glomerular filtration rate and distal 
tubulopathy with urinary loss of potassium and 
magnesium, sometimes Fanconi's syndrome and 
at last the loss of urine concentrating ability have 
been reported as various nephrotoxicities of 
conventional or Deoxycholate form of AMB [31]. 
Deoxycholate, the vehicle for amphotericin, can 
decrease the renal blood flow and glomerular 
filtration rate, increased salt concentrations at the 
macula densa: also interaction of amphotericin 
with ergosterol in the cell membrane, and 
apoptosis in proximal tubular cells and medullary 
interstitial cells may be important in pathogenesis 
[31].  
Risk factors: higher cumulative doses, use of 
diuretics, abnormal serum creatinine (SCr) levels 
at baseline, dosing schedule and use of 
concomitant nephrotoxic drugs specially 
cyclosporine, tacrolimus, diuretics, 
aminoglycosides [26,29,31]. 
Intradialytic use of amphotericin B has been 
shown in an adult study to be generally effective 
and safe provided that a standard maintenance 
dose of 0.5 to 1.0 mg/kg amphotericin B 
intravenously thrice weekly during hemodialysis 
sessions is used [32].  
Management of nephrotoxicity: Switching to less 
nephrotoxic more recently produced lipid 
formulations of AMB (including liposomal 
amphotericin B, amphotericin B lipid complex, 
and amphotericin B colloidal dispersion) has been 
associated with much lesser nephrotoxicity in 
various studies including pediatric age group 
[2,26,27,28,33,34]. The efficacy may not change 
[35] however. A review comparing renal toxicity 
of this compound could not find a significant 
difference and proposed economic issues 

important when selecting one of these compounds 
[33]. When there is already a problem in kidney 
function or appears during AMB conventional 
course and in those with history of concurrent 
long term usage of nephrotoxic drugs, it’s 
mandatory to use these products instead of AMB 
desoxycholate [27]. However, a retrospective 
study on adults failed to show any improvement 
in renal function at least immediately after 
switching to these compounds [26].  
Adjuvant sodium supplementation which has been 
reported to be effective in protecting kidney 
function in adults might also be effective in 
extremely low birth weight infants when 
prescribing conventional AMB but needs more 
study [27]. Paying attention to volume repletion 
and usage of amiloride for serious potassium loss 
has also been recommended in a pediatric study 
to manage the renal side effects of AMB [31]. 
liposomal AMB has also been used in an adult ICU 
cases with hemodynamic instability and has 
shown to have little effect on renal function and 
can be used safely in clinically hemodynamically 
unstable patients [36], a finding which need more 
studies in pediatric population.  
 
Voriconazole  
As a broad specterum antifungal which is effective 
on most candida, Cryptococcus and Aspergillus 
spp, voriconazole has been increasingly used in 
clinical practice [37]. This drug has many 
interactions with other drugs and they should be 
considered before and during concurrent use with 
other drugs like CYP 450 isoenzyme related drugs 
and specially cyclosporine; so usually the dose of 
this drug is reduced by half the level of 
cyclosporine should be monirored as it’s level me 
be higher [38]. This interaction may increase the 
risk of serious side effects such as kidney 
problems, diabetes, nervous system disorders, 
hyperkalemia (high potassium levels in the blood), 
high blood pressure, irregular heart rhythm, heart 
failure, infections, and various types of 
malignancies including lymphoma and skin 
cancer. 
Overall it’s safe for patients with normal renal 
function and even IV form of drug has not been 
associated with acute renal injury in patients with 
minimally compromised renal function [39]; 
however, The IV form should be avoided in 
moderate and severe renal insufficiency as there 
might be an accumulation of some toxic material 
(sulfobutylether-β-cyclodextrin) in the body [40]. 
Oral form of the drug is much safer for kidney 
function. 
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Fluconazole: 
This is another tiazole antifungal with oral and IV 
forms which has lower specterum especially for 
aspergillus compared with voriconazole but has a 
safer profile. Caution should again be considered 
concurrent use with other drugs like CYP 450 
isoenzyme related drugs and Calcineurin 
inhibitors specially cyclosporine; although both 
forms of drug may increase the cyclosporine level, 
sex and some ethnical factors might have a role in 
this interaction [41].  
The level of urinary fluconazle is 10-20 folds 
higher than plasma level, making it a good 
candidate for fungal UTI providing the sensitive 
fungi is present [40]. 
Uncommonly (0.1% to 1%), Polyuria, renal pain 
and changes in renal function tests has been 
noted, rarely, membranous nephropathy and 
acute renal failure have been reported [42]. 
 
Itraconazole: 
Although it has a wider spectrum than fluconazole 
[2] but the plasma level in children is lower than 
older children [40]. It has better activity on 
various types of aspergillus, blastomycosis and 
histoplasmosis than fluconazole. It has a safety 
profile like fluconazole and has both forms (oral 
and IV), a suitable drug for prophylaxis and lots of 
drug interactions. Limited data are available on 
the use of oral Itraconazole in patients with renal 
impairment. Renal monitoring would be better to 
be done periodically. Rare cases of Albuminuria 
have been reported as well.  
 
 
Posaconazole: 
A second generation of triazoles which has an 
exceptional activity on mucormycosis [40] as well 
as invasive candidiasis and aspergillusis [43]. 
Echinocandins (caspofungin, micafungin, 
anidulafungin): 
These relatively new drugs which are all 
parenteral and have very good activity on various 
candida and aspergillus spp even resistant ones, 
have a different mechanism of action which has 
med them less toxic for human cells [40,44]. Renal 
dysfunction did not alter micafungin and 
caspofungin pharmacokinetics [45,46], so no 
dosage adjustment is necessary for caspofungin in 
patients with renal insufficiency. Since 
caspofungin is not dialyzable, no supplementary 
dosing is required after hemodialysis. These drugs 
are mainly indicated when the case is refractory to 
or intolerant of AMB-D, lipid formulations of 

amphotericin B and/or itraconazole [47]. 
Anidulafungin is not metabolized by or eliminated 
through the liver or kidney, so compared with 
caspofungin has a potentially wider spectrum, less 
toxic and better interaction profile but needs more 
study, similar to other echinocandins, 
anidulafungin can be given safely to patients with 
impaired renal function with no need for dosage 
adjustment [48]. 
 
Flucytosine: 
This antimetabolite has activity against Candida 
and Cryptococcus, is used in conjunction of other 
drugs to avoid rapid resistance and as an oral 
agent has little renal side effect except in 
conjunction with AMB renal toxicity which may 
increase flucytosine toxicity as well [40]. Since 
renal impairment can cause progressive 
accumulation of the drug, at least kidney function 
should be monitored during therapy. 
Summary of recommendations for more common 
renal related fungal infections 
Although most guidelines for antifungal therapies 
have been published based on adult studies 
(Infectious diseases society of America (IDSA1-7), 
but there are some guidelines for children [40,49]; 
Overall it is believed that most general rules of 
antifungal therapies are the same in adults and 
children, however there are obviously some 
differences specially regarding pharmacologic 
issues which have been addressed in this review. 
Management of urinary tract infections due to 
candida or aspergillus spp are briefly explained 
according the last IDSA guidelines [50,51]. 
 
Treatment for Urinary Tract Infections Due to 
Candida Species 
Treatment for Asymptomatic Candiduria: 
Recommendations in this situation are: 
1. Elimination of predisposing factors, such as 
indwelling bladder catheters, is recommended 
whenever feasible  
2. Treatment with antifungal agents is NOT 
recommended unless the patient belongs to a 
group at high risk for dissemination; high-risk 
patients include neutropenic patients, very low-
birth-weight infants (<1500 g), and patients 
who will undergo urologic manipulation  
3. Neutropenic patients and very low-birth-weight 
infants should be treated as recommended for 
candidemia 
4. Patients undergoing urologic procedures should 
be treated with oral fluconazole, 400 mg (6 
mg/kg) daily, OR AMB deoxycholate, 0.3–0.6 
mg/kg daily, for several days before and after the 
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procedure  
 
Treatment for Symptomatic Candida Cystitis? 
Recommendations are: 
1. For fluconazole-susceptible organisms, oral 
fluconazole, 200 mg (3 mg/kg) daily for 2 weeks is 
recommended  
2. For fluconazole-resistant C. glabrata, AmB 
deoxycholate,0.3–0.6 mg/kg daily for 1–7 days OR 
oral flucytosine, 25 mg/kg 4 times daily for 7–10 
days is recommended  
3. For C. krusei, AMB deoxycholate, 0.3–0.6 mg/kg 
daily, for 1–7 days is recommended  
4. Removal of an indwelling bladder catheter, if 
feasible, is strongly recommended  
5. AMB deoxycholate bladder irrigation, 50 mg/L 
sterile water daily for 5 days, may be useful for 
treatment of cystitis due to fluconazole-resistant 
species, such as C. glabrata and C. krusei. 
 
Treatment for Symptomatic Ascending 
Candida Pyelonephritis: 
Recommendations are: 
1. For fluconazole-susceptible organisms, oral 
fluconazole, 200–400 mg (3–6 mg/kg) daily for 2 
weeks, is recommended 
 2. For fluconazole-resistant C. glabrata, AMB 
deoxycholate,0.3–0.6 mg/kg daily for 1–7 days, 
with or without oral flucytosine, 25 mg/kg 4 times 
daily, is recommended. For fluconazole-resistant 
C. glabrata, monotherapy with oral flucytosine, 25 
mg/kg 4 times daily for 2 weeks, could be 
considered  
3. For C. krusei, AMB deoxycholate, 0.3–0.6 mg/kg 
daily, for 1–7 days is recommended  
4. Elimination of urinary tract obstruction is 
strongly recommended. 
5. For patients who have nephrostomy tubes or 
stents inplace, consider removal or replacement, if 
feasible  
Treatment for Candida Urinary Tract Infection 
Associated with Fungus Balls? 
Recommendations are: 
1. Surgical intervention is strongly recommended 
in adults; antifungal treatment as noted above for 
cystitis or pyelonephritis is recommended  
2. Irrigation through nephrostomy tubes, if 
present, with AMB deoxycholate, 25–50 mg in 
200–500 mL sterile water, is recommended. 
 
Treatment Recommendations for Renal 
Aspergillosis: 
IDSA suggests a combined approach of medical 
and urologic management for renal aspergillosis. 
Obstruction of one or both ureters should be 

managed with decompression if possible and local 
instillation of AMB deoxycholate. Parenchymal 
disease is best treated with voriconazole  
 
Recommendations for Antifungal Prophylaxis 
in Nonlung Solid Organ Transplant Recipients: 
IDSA recommend prophylactic strategies in SOT 
recipients based on the institutional epidemiology 
of infection and assessment of individual risk 
factors. Prospective trials are lacking to address 
the need for routine anti-Aspergillus prophylaxis 
other than for 
Lung transplant recipients. Individual risk factors 
have been identified in cardiac (pretransplant 
colonization, reoperation, CMV infection, renal 
dysfunction, institutional outbreak), liver 
(fulminant hepatic failure, reoperation, 
retransplantation or renal failure), and others 
with institutional outbreaks or prolonged or high-
dose corticosteroid use. In such patients, the 
optimal duration of prophylaxis is not known. 
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